Introduction
Rice (Oryza sativa L.) is the most important staple food crop in the world and provides food and livelihood security to over half of the global population. Ranking first in area (44.11 m ha), India (105.5 m t) is the second largest producing country in the world after China with a productivity of 2.39 t ha -1 (http:// ricestat.irri.org).
The productivity and sustainability of ricebased systems are threatened because of the increasing scarcity of resources, especially water and labor; changing climate; the emerging energy crisis and the rising cost of cultivation (Ladha et al., 2009) . Under the situation of water and labour scarcity, farmers are changing their rice establishment method from transplanting to direct seeding.
Direct seeded rice requires specially bred cultivars having early seedling vigour for weed competitiveness, efficient root system for anchorage. Ability to germinate under anaerobic conditions and tolerance of early
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submergence are important for establishing a good direct seeded rice crop (Ismail et al., 2009) . Lodging resistance is another desirable trait for direct seeding.
Genetic divergence is a useful tool for an efficient choice of parents for hybridization to develop high yield potential cultivars. Mahalanobis" D 2 statistics is an effective tool in quantifying the degree of genetic divergence at the genotypic level. The use of Mahalanobis D 2 statistic for estimating genetic divergence has been emphasized by Shukla et al., (2006) and Sandhya et al., (2015) .
Thus the present investigation was intended to assess the genetic diversity among the genotypes studied for the traits related to direct seeding and yield. The hybrids between genotypes of different clusters will express high heterosis and give more useful segregants. Further, one or two genotypes from different clusters may be chosen for further genetic studies either by diallel or line × tester analysis.
Materials and Methods
Experimental site
The present investigation was carried out at Andhra Pradesh Rice Research Institute (APRRI) and Regional Agricultural Research Station (RARS), Maruteru, West Godavari, Andhra Pradesh, India, located at an altitude of 5 m above MSL, 81.44 0 E longitude and 26.38 0 N latitude. The soils are characterized by black alluvial soils, neutral to slightly alkaline in reaction with medium levels of phosphorus and potassium. The annual rainfall of the location is 1100 mm.
Experimental material
The experimental material for the present investigation comprised of 48 genotypes of rice including varieties, advanced breeding lines and germplasm lines.
Recording of observations and data analysis
The data on 19 characters consisting of 13 agronomical [days to 50% flowering, plant height (cm), leaf area index, number of productive tillers per plant, total number of tillers per m 2 , panicle length (cm), number of filled grains per panicle, number of total grains per panicle, spikelet fertility (%), test weight (g), grain yield per plant (g), biological yield per plant (g) and harvest index] and six physiological [Standard germination test using paper towel was conducted to record seedling root length (mm), seedling root length (mm), rate of germination (%), seedling vigour index (measured as per Abdul-baki and Anderson, 1973) , anaerobic germination (%) (As per Manigbas et al., 2008) and basal culm diameter (mm) measured at 4 th internode from top using Vernier callipers one week before harvesting] was recorded standard methods. Data was analyzed following multivariate analysis of Mahalanobis (1936) and genotypes were grouped into different clusters following Tocher"s method (Rao, 1952) .
Results and Discussion
The multivariate analysis like Mahalanobis" D 2 statistic provides useful statistical tool for measuring the genetic diversity in a given population with respect to the characters that were considered together. The data collected on 19 yield and direct seeding characters from 48 genotypes of rice were subjected to Mahalanobis" analysis. The magnitude of values suggested that there was considerable variability in the genotypes studied, which led to genetic diversity. Significant differences among the genotypes for individual characters were first determined and later the statistical significant differences between the genotypes based on the pooled effects of all the characters were carried out using the "V" statistic. The statistic was highly significant indicating that genotypes differ significantly. The value of "V" statistic was 2852.26 in the present investigation.
The per cent contribution towards genetic divergence for all the 19 contributing characters is presented in Table 1 . The knowledge on characters influencing divergence is an important aspect to a breeder. Character-wise rank has shown maximum contribution towards genetic divergence was by test weight (46.99%) followed by vigour index (34.57%), plant height (12.23%), number of total grains per panicle (1.68%), spikelet fertility (1.51%), basal culm diameter (1.33%), rate of germination (0.77%), harvest index (0.35%) and total number of tillers per m 2 (0.18%). Maximum contribution of test weight, plant height and number of grains per panicle was also reported by Pandey and Anurag (2010) ; Soni et al., (2014) .
The 48 genotypes were grouped into eight clusters using the Tocher"s method with the criterion that the intra-cluster average D 2 values should be less than the inter-cluster D 2 values ( Table 2 ). The distribution of 48 genotypes into eight clusters was at random with maximum number of genotypes in cluster I (15 genotypes) from different locations. Cluster II was the second largest with 12 genotypes followed by cluster III (eight genotypes), cluster IV (six genotypes) and cluster V (four genotypes). Clusters VI, VII and VIII were solitary clusters. The average intra and inter cluster D 2 values were estimated as per the procedure given by Singh and Chaudhary (1977) and were presented in the Table 3 . The maximum intra cluster distance was 841.80 in cluster IV followed by 823.07 in cluster III followed by 733.94 in cluster V followed by 540.05 in cluster II and 418.66 in cluster I. While, it was zero for clusters VI, VII, VIII. The intraand inter-cluster distances revealed that intercluster distance values were greater than intra-cluster distance values. The high intracluster distance in cluster IV indicates the presence of wide genetic diversity among the genotypes present within this cluster.
In the present study, inter-cluster distances were worked out considering 19 characters and these distances ranged from 893.00 (between cluster II and VI) to 11832.91 (between cluster VII and VIII). The intercluster distance was maximum between cluster VII and VIII, followed by cluster IV and VII, cluster III and VIII, cluster I and VIII, cluster V and VIII, cluster VI and VIII and cluster II and VIII. This suggested that there is wide genetic diversity between these clusters. Based on these studies, crosses can be made between genotypes of these clusters to obtain desirable transgressive segregants.
The cluster mean values for 19 characters are presented in Table 4 . Higher mean values for number of productive tillers per plant were seen in cluster VIII and V; higher means for leaf area index were observed in clusters VIII and IV; higher means for panicle length were observed in clusters VIII and IV; higher means for spikelet fertility were observed in clusters VII and VI; higher means for test weight were observed in clusters VIII and IV; higher means for vigour index were seen in cluster VI and VIII which are major contributors in improving grain yield in rice under direct seeding conditions. Based on mean values, series of crosses in diallel analysis may prove highly successful for genetic improvement of the above mentioned traits. Shafina et al., (2014) and Bose et al., (2011) was also studied genetic divergence in direct seeded rice and reported similar results.
Choice of the particular cluster and selection of particular genotype from selected cluster are the two important points to be considered before initiating the crossing programme. The hybrids between varieties of different clusters will express high heterosis and give more useful segregants (Tripathi et al., 2013) .
